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Abstract 

This papei is a repoit of a co-opeiative effort by the University of Otago Science 
Students Association, and presents selected recordings of the surface oscillations of 
Lake Wakatipu, showing the principal features which were observed in a series of 
observations extending over three hundred hours. The fundamental period (52mins) 
and the first harmonic (27mins) are predominant in most of the results. A portion 
of the Lake gives rise to the very well developed oscillation of 4.28 minutes recorded 
at one site. No phenomenon was observed which cannot be explained by seiche action 
in one oi other form 

Historical 

Despite a very strong regional belief in the reality of pulsations on Lake 
Wakatipu, first hand accounts of the phenomena are extremely rare. A Maori 
legend (Beattie, 1945) and an account by a Government, official (Higginson, 
1877) provide the sources of the usual description. An appeal through the 
regional and national papers brought no relevant response. The following article 
represents an attempt to provide some factual basis for discussion 

General 

By suitable operation of the wind or atmospheric pressure variation the water 
in any natural basin may be set in oscillation with definite periods which depend 
upon the depth and cross sectional area. Such oscillations, generally termed 
seiches, arc well know on other large lakes and have been subjected* to much 
experimental and mathematical scrutiny (Landolt-Bornstein, 1952,- Murray and 
Pullar, 1910.) For a long basin the simplest mode of seiche is the fundamental 
longitudinal one In this the water at all points moves approximately parallel 
to the basin bottom so as to produce first a surface elevation and then a depression 
at each end in turn, "with a nodal plane at the centre, and a surface form approxi¬ 
mately planar. Various harmonics are possible corresponding to surface forms 
with two, three and more nodal planes at right angles to the long axis 

The actual behaviour of the lake will be some combination of several of 
these modes of vibration, each with a different amplitude, possibly with the 
further complication of similar transverse vibrations superimposed, and all these 
underlying the normal wind-generated surface waves. 

Experimental Method 

The apparatus used consisted of a clockwork driven drum, making one revolu¬ 
tion per 24 hours, and giving a trace some 10 inches long, on which the rise and 
fall of the lake surface at a selected point was recorded by a float operated pen. 
The effect of the surface waves, which are of period less than 5secs, was eliminated 
by the usual stilling well, in our case a float chamber of cross section 9in by 9in 
connected to the lake by a pipe about 8 feet long and Jin diameter, the whole 
forming a “choke” which has a transmission of about 95% for waves of period 
more than 3mins, and less than 1% for waves of less than lOsecs period. With 
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MILES 

the improvised gear some difficulty was experienced in providing adequate pro¬ 
tection from the heavy surface swell which arises on the lake in windy weather, 
and it was generally necessary to build a boulder wave-break at least three 
feet high around the recorder. 

Location and Recording Stations 

Observations were taken at various sites in the preliminary work, but it was 
soon decided to restrict attention to three stations, Kingston, Bob's Cove, and 
Kinloch.* The first and last of these represent the two extremes of the Lake, 
South and North respectively, whilst Bob's Cove lies very close to the com¬ 
puted nodal point for the fundamental oscillation. The approximate sites of the 
stations are indicated on the sketch map of the lake. 

* The sites may be more exactly described. Kingston. Thnty )aids North of the Otago-South - 
land boundary on the Kingston-Queenstown Road, about two miles from Kingston 
Bob’s Cove On the North bank some eight miles West of Queenstown One hundred raids 
towards the North end of the lake from the Old Government Wliaif on the East side of 
the Cove. Kinlocli A hundred yards South of the main Kinloch whaif 
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Related Theoretical Investigations 
, ^ anous mathematical procedures have been devised for calculating the periods 
ot oscillation for natural lakes. When the shape of the lake approximates to a 
simple geometrical form, for example uniform width and parabolic longitudinal 
section, a simple formula due to du Boys (1892) may be used More rigorous 
methods are available, though for lakes of less simple form the numerical labour 
becomes considerable. (Chrystal, 1905; Doodson, 1920 ; Bergsten, 1926.) 

Using the bathymetric data for Lake Wakatipu obtained by Lucas (1904), 
Bottomley (1955) has deduced the periods, the nodal positions, and the surface 
shapes, for various modes of vibration. This work has been done by arithmetical 
integration of the fundamental differential equations of motion using as trial 
solutions values first obtained from a study of a laboratory model hydro- 
dynamically similar to Lake Wakatipu The results of this theoretical work 
which are relevant to the present observational report are given below — 

Whole Lake 

Fundamental Period ., .. 50 9 minutes * 

First Harmonic .S5 

Second Harmonic . .. . 20 2 minutes. 

Description op Text-figures 

Text-pig. 1. This shows typical traces as obtained at Kingston The curves 
are complex in form, and do not retain the same nature for more than a few 
101118 as a rule Throughout both traces there is a general pattern-main peak, 
small peak, main peak, small peak, etc. with the main peaks spaced out at 
intervals of rather less than an hour (This is shown very well at the left hand 
end of the lower trace ) This pattern is due to the combination of the funda¬ 
mental oscillation and the first harmonic; analysis of portions of the curves 
enables the periods to be determined as 

Fundamental 52, First Harmonic 27mins. 

The large peaks are thus due to the reinforcement of the fundamental maxi¬ 
mum every 50-odd minutes by the every alternate first harmonic swing The 
agreement between the observed periods and those computed by Bottomley (1955) 

is sufficient to make the identification certain; further evidence is presented under 
Text-fig III 

Tlle fundamen f al period is not exactly double that of the first harmonic, 
he gradual displacement in time of the every second swing of the first harmonic 
with respect to each swing of the fundamental is shown in the lower trace at 
the left hand end 

A change in the weather occurred in the early hours of 18.5.55, there being 
strong winds in certain sections of the lake, and the effects on the traces became 
apparent at about 08.00 hours. Higher harmonics develop and there is a general 
loss of regularity, but the major oscillation due to the fundamental is still 
observable. 


It will be noticed that the haimonies are not exactly one-half, one-third, etc, of the funda¬ 
mental peiiod. This behaviour arises from the nature of the second order differential 
equation which describes the liquid motion during oscillation. The extent of the departure 
from the haimomc senes 1, J, etc., depends upon the geometrical shape of the lake 
basin, special cases aie possible in which the senes is exactly obeyed (rectangular basins \ 
or even in which the hai monies have the same period as the fundamental, though foj 
leal lakes the deviation usually decieases with increasing haimomc number. 




Text Figure 1 
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The traces in Text-fig. I show an average behaviour; smaller amplitudes have 
been recorded (some are shown in Text-fig. IV), and much larger ones have been 

recorded and observed visually. On 28.12.54 the amplitudes at Kingston were 
larger than the four inches which the machine would record and were estimated 
to reach a little over five inches. At no time has the hourly fluctuation been less 
than half an inch as observed at Kingston during occasional observations over 
the last eight months. 

Text-fig. 2. From the position of the nodal planes, and the surface shapes 
calculated by Bottomley (1955) for the fundamental and the first harmonic motion 
it is apparent that particular interest attaches to readings taken at or near 
Bob’s Cove. At this site the amplitude of the fundamental should be very small 
owing to the nearness of the nodal-plane, and yet the first harmonic (with a 
ventral point near Bob’s Cove) should be present with some 60% of its end 
amplitude. 

The lower curve shows, for the first twelve hours, practically pure first har¬ 
monic tracings, and these may be used with advantage to calculate the corre¬ 
sponding period, 27mins. The linear descent of the curve with time represents 
the fall in the mean lake-level with time due to excess run-otf over intake The 
slope of the curve and the surface area of the lake indicate a figure of 4,580 cubic 
feet per second for this particular occasion. 

By 12.00 hours on 18.5.55 a marked change has come over the traces and there 
is a very pronounced development of oscillations of very short period. The 
upper, trace shows how these continued to increase on 19.5.55 until towards 
12.00 hours on that day the swings were too large to record on the instrument. 
These oscillations were of period 4’28 minutes, and reached an amplitude which 
was in excess of eight inches. At the time of these large amplitude oscillations 
there was virtually no surface wave in the Cove itself and there was not the 
slightest difficulty in seeing the periodic rise..and fall of the surface level on 
posts and stones in the water. The advance and retreat on the sloping beach was 
very striking, reaching 10 or 12 feet in some places, yet it was not noticed by 
a party of twenty casual visitors who spent an hour near the lakeside. 

There is insufficient evidence to identify positively the particular basin ot the 
Lake which is giving rise to this mode of oscillation. Large amplitude short 
period waves were recorded at Kinloch during the same day, but no positive 
correlation can be made between the maxima at the two sites. Regrettably there 
was no observation station at Queenstown at the material times, but an experi¬ 
enced observer who knew of the phenomenon then occurring at Bob’s Cove did 
not see any similar effect in Queenstown Bay. It is possible that the effect is that 
of a longitudinal seiche of either (possibly both) the Kinloch arm and the 
Walter Peak arm. Rough measurements on the model used by Bottomley (1955) 
show that the fundamental periods for these arms are 23 minutes and 12 minutes 
respectively, so that it Tvould be necessary to suppose a high harmonic to obtain 
the required frequency. 

Direct measurement on a small dam near Dunedin lias shown the existence 
of a fundamental period of about 35 seconds. Bob’s Cove is approximately the 
same area as this dam, and much deeper. As the period decreases with in¬ 
creasing depth, and as open bays have periods roughly half of the corresponding 
closed bay, it may safely be deduced that the natural period of Bob’s Cove is 
not more than 30 seconds at most, and this disposes of the suggestion that the 
4*28 minutes period i^ that of the Cove itself. 


KINGSTON 


Text Figure 3 

The most likely explanation is that the effect is a transverse seiche across 
the Labe from Bob’s Cove to the South bank. Calculation shows that the period 
or such an action would be 3-1—41 minutes, depending somewhat on the assumed 
transverse section and making liberal allowances for errors m the interpretation 
ot Lucas’s survey In the absence of simultaneous measurements on opposite 
banks with more rapidly revolving drums so that phase relations could be estab¬ 
lished, further discussion is conjectural 

Text-pig 3 This shows portions of traces taken simultaneously at the 
two extremities of the Lake Both show the general pattern due to a combina¬ 
tion of fundamental and first harmonic seiches At a time when the first 
larmouie and the fundamental are in phase to give an enhanced upward swin< v 
at Kinloeh, then it must be that at Kingston the first harmonic and the fumk- 
mental are acting i n opposite direction, and interfere to produce a reduced 

swing. The various features of these two curves can be more fully interpreted 
m tins fashion 

Text-pig. 4 This is part of a continuous record extending over five davs 
taken at Kingston in December, 1.954 Tt will be noticed that there is a prononneed 
ong term periodicity with a period of rather more than 12 hours Similar 
behaviour is shown (though not so clearly) by the traces taken at Kingston 
and at Kinloeh in May, 1955, but is not detectable at Bob’s Cove 

It is considered that the effect observed can be attributed to a temperature 
seiche ftor examples and discussions see Honda. 1915 and 1916) that is an 
oscillation of the general kind so far considered but taking place at the junction 
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Text-™. 4.—The uppei and ltmei traces toim a continuous lecoid taken at Kingbton in 
December. 1954. The twelve-houi periodicity is shown most clearly m the uppei Trace, but is 
fairly distinct also in the lower. 


between the upper hot and the lower cold layers of the lake, the thermocline. 
Given sufficient data for the relative depths of the two layers and their densities, 
it is possible to estimate the period of oscillation. Using the data obtained bv 
Miss V. Jolly, on the location of the thermocline, one can show that the period 
of 12 hours is in the possible range, but much more work, observational and 
computational, is necessary if the suggestion is to he verified. 

Correlation op Observed Seiches with Local Winds 

At each observation station at three-hourly intervals rough notes were taken 
of the direction and approximate velocity of the wind, and the state of the 
surface waves. (Because of the extremely enclosed nature of Bob’s Cove very 
little significance can be attached to weather observations there.) 

Such evidence as we possess indicated that the deveolpment of the 4 28 
minute seiche at Bob’s Cove depended upon a North wind of considerable 
intensity blowing down the North Arm. The North wind acting down this arm 
gave rise to surface waves which increased in size as the Middle Arm was 
approached, though very little of these waves was transmitted round the corner, 
and in the shelter of Bob’s Cove the 4-28 minute seiches were observed in almost 
dead calm water. 

In general it can be said that during a calm spell of weather the lake shows 
principally its fundamental longitudinal oscillation, whilst the higher harmonics 
become more pronounced and even predominate during or soon after high winds 
in any or all arms. Regrettably we have not had the opportunity to watch the 
seiches undergoing spontaneous damping after a spell of considerable activity. 
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